Abstract. Population growth poses threats to biodiversity, specifically to sensitive species. Therefore, an understanding of the conflict between biodiversity and human population is needed to enable long-term planning of development and conservation policies by state and federal governments and society based on limitations and potentials of environments. We used a geopolitical approach to analyze data on human demography, economic activities, natural vegetation, avian diversity, and protected areas of the 32 states of Mexico and the 30 districts of the state of Oaxaca. Using factor analysis, we identified the biodiversity-rich geopolitical units that have a large human population and are developing intense economic activities. We then carried out a series of linear regressions between the resulting factors to test whether they were related, suggesting areas where conservation conflicts may exist, and found that relations between human activities and natural resources vary from region to region. These results help us identify geopolitical units that require detailed studies of the interactions between population and natural resources, and also highlight the importance of using geopolitical scales as study units, where most conservation and development policies are determined, to inform local stakeholders and decision makers.
Introduction
Human activities have interfered with natural ecosystems in several ways throughout history and are one of the main causes of flora and fauna extinctions (Ehrlich, 1995; Soulé and Sanjayan, 1998; Thompson and Jones, 1999; Waide et al., 1999; Seabloom et al., 2002) . Climate change, pollution, and resource over-exploitation are involved in the decline of natural populations worldwide (Iñigo-Elías and Ramos, 1991; Ehrlich, 1995; Maurer, 1996; Ehrlich and Ceballos, 1997; Ceballos and Márquez, 2000) . It is estimated that the number of threatened bird species per country has increased by 30% due to human 675 .indd 1 24/11/2011 01:17:49 p.m.
population growth (Kerr and Currie, 1995; McKinney, 2002) and recent estimates suggest that human population will reach 9 billion people within the next fifty years (Lutz et al., 2001) . To satisfy the demands of this increasing population, economic activities are growing at accelerated rates with serious environmental consequences (Kerr and Currie, 1995; Tilman et al., 2001; Seabloom et al., 2002; Luck et al., 2004; Vázquez and Gaston, 2006) . Furthermore, the resources needed by about half of the human population are mainly obtained from inter-tropical developing countries, which experience the most drastic negative land use conversions (Velázquez et al., 2003) . Among such economic activities, cattle grazing and agriculture in particular remove millions of hectares of natural vegetation, and where practiced without appropriate methods, they cause severe pollution of soil, air, and water (Soulé, 1991; Ehrlich, 1995; Tilman et al., 2001) . Human activities are more intensely practiced on soils that harbor a myriad of ecosystems due to their high productivity (Cincotta et al., 2000; Araújo, 2003; Burguess et al., 2007) . Such activities reach the highest conversion rates in the tropics, where growing deforestation fragments habitats and limits the distribution of species at alarming rates (Brooks et al., 1999; Waide et al., 1999; Balmford et al., 2001; Seabloom et al., 2002; Velázquez et al., 2003; Ricketts et al., 2005) . Since human activities normally implicate vegetation removal, a serious balance between development and conservation must be evaluated to reduce natural risks while sustaining healthy economic activities (Tilman et al., 2001; Vázquez and Gaston, 2006) .
Agriculture and cattle grazing are the most important causes of natural habitat transformation and soil degradation in Mexico (Ceballos, 1993; Ehrlich and Ceballos, 1997) . Between 1976 and 2000, 90 000 ha of temperate forests, 265 000 ha of tropical forests and 195 000 ha of scrublands were transformed to human use areas, representing a deforestation rate of 0.25%, 0.76% and 0.33% per ecosystem respectively (Maas et al., 2004) . Since population increase demands higher production from these activities, a full understanding of the relationships between natural resources and human activities is needed. This will help to identify areas where conservation conflicts are likely to be severe and thus, plan the development and activities in a sustainable fashion (Waide et al., 1999; Seabloom et al., 2002; Velázquez et al., 2003; Luck et al., 2004; Vázquez and Gaston, 2006) .
Several studies have explored human activities and their impacts on the environment (e.g. Bawa and Dayanandan, 1997; Peterson et al., 2000; Balmford et al., 2001; Chown et al., 2003; Burguess et al., 2007) . These studies focus on very large (e.g. nationwide) areas, using coarse geographic scales for their analyses. In such cases, grids are displayed over the study region and values for biodiversity and human activities are given per cell. All these analyses conclude that the interactions among environmental and socioeconomic variables vary depending on the studied region and the geographical scale of the analysis, and recommend examining such interactions at finer geographic scales to allow a more detailed identification of the resulting effects of the interaction between human population and natural resources at local levels (Peterson et al., 2000; Balmford et al., 2001; Chown et al., 2003) . Since such studies based their analyses on grids, they do not consider geopolitical limits; therefore they do not account for administrative and economic boundaries. This is important because geopolitical and geoeconomic entities (e.g. country, states, or municipalities: areas defined by political boundaries) are administered by different levels of government, each with its own environmental and economic attributions, priorities, policy formulations, and monitoring and conservation activities. Sometimes economic development and natural resource conservation policies are difficult to apply, because different governmental levels and institutions follow their own objectives and/or agendas. The development of a common vision among such levels is fundamental for the successful protection of the environment and the sustainable development of the country. This endeavor can be fostered by scientific studies that integrate both geopolitical perspectives in their analysis to strengthen policy and decision making.
In this study we explore the relationships between geographic, socio-economic, and environmental variables at 2 geopolitical levels in Mexico. The results allowed us to categorize the states of Mexico and the districts of the state of Oaxaca according to their biodiversity features and the dimension of economic activities practiced in each one. This study aims to identify areas of conservation conflicts in the light of development and human population. By applying the same methodology to different geopolitical scales we intend to evaluate the effectiveness of this methodology to strengthen the general knowledge of the states considered a priority for conservation in Mexico, as well as particular regions within the state of Oaxaca.
We selected the state of Oaxaca because it was the only one that had information on avian species geospatially located, as a result of an extensive research and data collection made by Navarro and collaborators. This allowed us to identify the number of bird species per each district. We decided to use the districts of Oaxaca, rather than municipalities, because there are a total of 570 municipalities in the state (almost 25% of all municipalities in the country), so it represented a very large number for the analysis, therefore since the state is also divided into 30 districts we used these units for our state level analysis.
Materials and methods
Variables related to land surface, human demography, primary economic activities, natural vegetation, avian richness, and protected areas were incorporated into a data matrix. We selected a total of 16 variables for the national level that includes the 32 states of Mexico (Fig. 1) and 13 variables for the state level that includes the 30 districts of the state of Oaxaca (Fig. 2) (Table 1) .
We performed Factor Analysis based on a correlation matrix using Statistica software v. 5.5 to reduce the number of variables and to generate a new set of non-correlated ones. National data were analyzed independently from the state of Oaxaca data. According to the Kaiser criterion (Johnson, 1998) , the factors with eigenvalues higher than 1 were selected. To maximize the loadings in each factor, we used a Varimax rotation that distributes the variance in data across the selected factors. Factors were labeled according to the variables with highest loadings on each. Variables with low loading values were included in the analyses as independent variables. We then performed a series of linear regressions using the factor scores to explore relations between factors and independent variables. Finally, with these results we compared each experimental unit (states in the national analysis and districts in the state analysis) according to the factors that represent opportunities and threats for the conservation of natural resources.
Total and natural vegetation surface variables at the state and district levels are expressed in square kilometers. These were obtained from the official government information source, the National Institute of Statistics, Geography and Informatics (INEGI) (http://www.inegi. gob.mx). The human population data included in the analyses corresponds to the 2003 census (INEGI) . For the national analysis we used total population, rural population, and population density. For the state analysis, we included total population and population density; rural population data were not available. In both analyses we included a poverty index developed in 2000 by the National Council of Population (CONAPO, 2001) , which involves different variables that measure human livelihood such as the availability of water, electricity and sanitation, education, housing materials, number of rooms and inhabitants, income, etc.
The cropland surface in square kilometers and cattle production in tons were incorporated in both geopolitical analyses using data from censuses by INEGI (INEGI, 2003) .
Besides the natural vegetation surface, we considered avian population information as a means to measure biodiversity in each unit for both geopolitical analyses. This information represents the total number of birds species recorded and was obtained from an unpublished database compiled by Adolfo Navarro and collaborators of the georeferenced bird records of Mexico based on scientific collections, recent literature, and intensive field work. The information on the number of endemic species was obtained from González-García and Gómez de Silva (2002) , and the number of endangered bird species was obtained from the 2001 national list of endangered species (DOF, 2002) .
The amount of land area in hectares of each state that was declared as natural protected area by the federal government until 2006 (regardless of their category) was obtained from the National Commission of Natural Protected Areas (CONANP http://www.conanp.gob.mx). We also included a variable representing the percentage of each state's surface that was protected. The information on protected areas in Oaxaca was not available at the district level; therefore it was not included in the state analysis.
Information on avian species richness at the state level included in this analysis is based on more than 20 000 bird records from 736 species (67% of the avifauna of Mexico). Of this total, 61 species are endemic to Mexico and 195 species are included on the national endangered list, which makes Oaxaca the state with more endangered bird species in the country (Navarro et al., 2004) .
Results
National analysis. We selected 4 factors that explained 72.3% of the variance in the data (Table 2 ). Factor 1 was labeled "Natural vegetation factor", since variables of state land area (ST_AREA), the percentage of the surface of the state in relation to the national surface (NAT%ST_A), natural vegetation surface (NAT_VEG), and the percentage of natural vegetation surface in relation to the surface of the state (%NATVEG) were highly correlated between them, showing higher loading values. Factor 2 was labeled "Cattle and human factor" because the high loading variables were cattle and meat production (CATTLE and MEAT) and human population (TOT_POP). The third factor was influenced by the poverty index (POV_IND), rural population (RUR_POP), and endangered species (ENDANGRD), so we labeled it "Poverty and endangered species factor". Finally the fourth factor, labeled "Protected areas factor" was represented by the surface of protected areas (PA) and the percentage of protected area of each state (%PA). Four of the original variables (cropland surface (CROPLND), total species (TOTAL_SP), and endemic species (ENDEMIC) presented low values of loadings in all factors and therefore were analyzed as independent variables of the FA (Table 3) .
The factors and independent variables considered as opportunities for conservation were natural vegetation, total species, and endemic species. Those considered as threats to conservation were the cattle and human factor, poverty and endangered species factor, and cropland surface. The protected areas factor was analyzed independently to determine if the protection scheme is suitable to cope with the state's present environmental situation.
Five linear regressions between factors and independent variables were found to be significant (Table 4) . Among these, poverty and endangered factor vs. Endemic species correlated marginally, where states with many endemic species like Oaxaca, Guerrero, Puebla, and Michoacán also have high levels of poverty and endangered species (Fig. 3A) . The protected areas factor was negatively related to endemic species, indicating that some states with high avian endemism like Oaxaca, Guerrero, Michoacán, and Sinaloa have less protected surface (Fig. 3B) . Total bird species and endemic species were also correlated, indicating that some states with many wild bird species, like Oaxaca, Puebla, Michoacán, Sinaloa, Jalisco, Nayarit, and Veracruz also have many endemic species. total species but a high number of endemics (Fig. 3C) . Finally, there is a relationship between cropland surface vs. total species, where states such as Oaxaca, Veracruz, and Chiapas are clear outliers because of their many avian species and a large surface area transformed to cropland (Fig. 3D) ; and cropland surface vs. endemic species, where Oaxaca, Jalisco, Sinaloa, and Michoacán are among the states with high avian endemism as well as large surfaces of cropland (Fig. 3E) . Oaxaca state analysis. Three factors accounting for 69.2% of the total variance in the data were selected (Table 5) .
Factor 1 contained the following correlated variables: total surface of the district (DIST_AREA), percentage of the district in relation to state's surface (%_OF_ST), cropland surface (CROPLND), percentage of cropland in relation to district surface (%_OF_Dist), total bird species (TOTAL_ SP), and endangered species (ENDANGRD). This factor implies that the districts with the largest territorial surfaces and large croplands also have high avian biodiversity but many endangered species. The high loading variables in the second factor, labeled "Population and poverty factor", were total population (TOT_POP), population density (POP_DENS), and poverty index (POV_IND). Finally factor 3, labeled "Natural vegetation factor", was represented by the natural vegetation surface (NAT_VEG) and its percentage from the total district surface (%NATVEG). Two independent variables were found: cattle production units (CATTLE_ UTS) and endemic species (ENDEMIC) ( Table 6) .
Two regressions between the factors and the independent variables were statistically significant (Table 4) . The regression between Factor 1 and Cattle production shows the largest districts with much cropland surfaces, high biodiversity, and threatened species like Juchitán, Tuxtepec, and Jamiltepec are also large producers of cattle (Fig. 4A) . The other significant relationship was between the natural vegetation factor and the endemic species, where Miahuatlán, Ixtlán, and Yautepec districts showed more vegetation-covered areas and high values of avian endemism (Fig. 4B) . placing grids over a region and recording human and environmental variables in each cell of the grid (e.g. Balmford et al., 2001; Chown et al., 2003; Vázquez and Gaston 2006; Burguess et al., 2007) .
Discussion
Most of these studies conclude that although national studies are necessary to start prioritizing conservation actions, finer-scale analyses are needed to identify areas where local conservation actions are necessary. In this study we used 2 different geopolitical scales to define our sample units at both national and state levels; such administrative boundaries are where most development and conservation policies take place. This kind of approach is critical to obtain a general overview of the environmental scenario, both nation-and statewide, and to set detailed conservation priorities with a more realistic human dimension that incorporates the ecosystem management and the political will and perception of environmental problems.
However, due to the social and environmental heterogeneity that prevails in Mexico, the relations between human activities, population, and natural variables yielded different results according to the geographical and geopolitical place where they were practiced. Likewise, different ecosystems react differently to the same threat depending on the location (Harcourt et al., 2001; SEMARNAT, 2002) . As a consequence, conservation priorities are difficult to rate due to the contrasting social and cultural systems, the economic and political powers, and the biological conditions and environmental regulations of the country. Still, this study allowed us to group entities from 2 different geopolitical levels, according to both realistic information on their natural resources (bird richness and (Challenger, 1998) . It is estimated that 70% of the vegetation communities in Mexico are distributed over less than 5% of the total surface of the country (Velázquez et al., 2003) . The bird distribution in Mexico is influenced by different factors, including its geographic position between 2 bio-geographic zones, Nearctic and Neotropical, which provides Mexico with mixed characteristics from both (Navarro and Sánchez-González, 2003) , and a complex topography that harbors several and distinct ecosystems, concentrating the highest avian richness in the centralsouthern tropical regions (Escalante et al., 1998) . The significant relationship between total bird species and endemic species identifies states like Jalisco and Oaxaca as priorities for conservation, since the limited distribution of endemic species makes them more vulnerable to extinction (González-García and Gómez de Silva, 2002; Luck et al., 2003) . Bawa and Dayanandan (1997) related deforestation with socio-economic variables such as cattle grazing, grassland area, agriculture, and urban expansion, and found that habitat degradation processes were closely related to such activities in Latin America. Our study confirms this relationship, since some states with high values of human population are associated with high cattle production (Factor 2). This has serious implications for the conservation of ecosystems, as both urban expansion and cattle grazing are related to ecosystem loss.
Agricultural activities transform thousands of hectares of natural vegetation into cropland. These activities weaken the soil by removing nutrients, making it less suitable for agriculture, and where practiced without previous proper land evaluation, its continuous misuse results in degraded soils that are destined for cattle grazing or complete abandonment (Carabias, 1990) . In some developing countries such as Mexico, human settlements expand towards areas that are more suitable for agriculture, with high soil fertility and more natural diversity, representing real and critical threats for the conservation of natural resources (Balmford et al., 2001; Luck et al., 2003) . Our analysis agreed with this scenario, since cropland surface was highly related to both total and endemic species. Some of the states that practice intense agricultural activities, like Veracruz, Chiapas, and Oaxaca, also have considerable avian species as well as endemic species, and this must be taken into account for conservation activities and the planning of human activities.
Poverty is another human issue that has been related to environmental degradation and extinctions in developing countries (Kerr and Currie, 1995) . We found a similar pattern in our study, since the poverty index and rural population were related to the number of endangered species in the same factor (Factor 3). Rural regions like Veracruz, Oaxaca, and Chiapas have higher rates of poverty and more endangered species. Some of these states also have high bird richness and endemism, implying high risks to the conservation of avian populations, since poverty is related to unsustainable exploitation of natural resources (Kerr and Currie, 1995) .
Protected areas are surfaces with diverse natural ecosystems that have special relevance to conservation and are legally protected. Kerr and Currie (1995) considered that protected areas can help reduce biodiversity loss by maintaining habitats free from human disturbance. The linear regressions performed in the national analysis showed that some states with higher avian endemism like Oaxaca, Guerrero, and Michoacán do not have enough protected surfaces to protect their native biodiversity.
When we attempted to classify the states in terms of the opportunities and threats they have to the conservation of natural resources, a general national overview was quite clear; however, it was difficult to rank the states according to their conservation problems. For example, states like Michoacán and Durango showed the same conservation opportunities (high avian endemism and avian richness, large surfaces of natural vegetation, as well as many endangered species), but Michoacán presented more threats to conservation (high cattle production, large agriculture surfaces, and high poverty), than Durango. Therefore Michoacán can be considered a higher conservation priority than Durango, since the former has high biodiversity facing severe threats, while the latter has high biodiversity but did not present as many of the threats considered in this study (Fig. 5) . The districts of Oaxaca. At this geopolitical level, the factor analysis grouped many variables into the same factor (Factor 1): district surface, cropland, total birds, and endangered birds, probably because at a finer geographical scale, a more homogeneous distribution of territorial surface, natural resources, and human activities is apparent. Luck and collaborators (2003) relate the presence of human populations to biodiversity-rich areas, probably due to the soil fertility that harbors natural ecosystems and at the same time is suitable for agriculture practices, which has serious implications for conservation. This relation was found in the state analysis, because total bird species and cropland surface were included in the same factor. Also, as mentioned by Chown et al. (2003) , the relationships among population distribution, human activities and species richness may change significantly with the reduction of the geopolitical scale being analyzed. Our study also agrees with this, since we detected that area is more related to human activities, total bird species, and endangered species at the district level than at the national level. Oaxaca is one of the states with the highest bird richness and endemism in Mexico. This is a result of a complex local topography that creates diverse landscapes and ecosystems (Navarro et al., 2004) . The inclusion of bird richness and endangered species with the practice of agricultural activities in the same factor highlights some districts that are a priority for conservation due to the habitat fragmentation imposed by agriculture practices.
Population and poverty variables were grouped in the same factor with opposing loads, suggesting that when population increases poverty diminishes. However, since rural population data are not available for the districts of Oaxaca, we only used total population. It is important to note that in Oaxaca a clear contrast exists between population distribution and poverty levels. While the majority of the population is rural, some districts like Centro, Juchitán, and Huajuapan concentrate most of the urban population with higher welfare standards and therefore present lower poverty levels. In contrast, the population in districts like Cuicatlán, Juquila, and Choapam is mostly rural and has very high levels of poverty. Such poverty is the result of a complex relation among geographical, political, social, and economic issues that make Oaxaca one of the poorest states in the country. It is estimated that less than 2% of the population in the state has access to education, housing or regular economic income or lives in cities with complete services (www.oaxaca.gob.mx). The population in these high-poverty districts has to work on farms with inadequate sanitary and working conditions, a situation that exerts a strong pressure on the environment and enhances poverty levels, since they generally lack proper poverty alleviation programs (Leff, 1990; FNUAP, 1991) .
Due to the biogeographical location and the physical features of Oaxaca, it is one of the most biodiverse regions of the world, and includes all the vegetation types present in Mexico (Velázquez et al., 2003 ). An interesting issue that was revealed from the state analysis was that the natural vegetation is not distributed in the larger geopolitical units as in the national analysis. The districts with more natural vegetation like Miahuatlán, Tehuantepec, and Yautepec are located in the southeastern mountain ranges, identified as a physiographic region by CONABIO (www.conabio. gob.mx). In this study we found that natural vegetation is significantly related to the presence of endemic species, and the relevant districts in both terms represent a clear priority for conservation actions, since recent estimates suggest that by the year 2022, only a minor part of the state (22%) will remain covered by the native natural vegetation (Velázquez et al., 2003) .
Another major threat to conservation is cattle grazing, one of the most profitable activities in Oaxaca. Most of the cattle production in the state is done by small producers that free their animals to graze on the natural vegetation (Villegas-Durán et al., 2001 ). We found a significant relation between Factor 1 and cattle production, and because this factor includes agricultural activities (cropland surface), the relationship with cattle production indicates a high human pressure on natural resources, since both activities are fragmenting habitat and removing natural vegetation (Table 4 ). The application of inadequate policies has encouraged conversion of natural vegetation to croplands and cattle grazing areas, therefore, these areas are in need of proper management in order to plan such economic activities, but also to perform activities of environmental conservation and/or restoration.
At this smaller scale we grouped the districts according to the opportunities and threats to conservation as we did in the national analysis. The districts of Miahuatlán and Ixtlán presented more opportunities for conservation (large natural vegetation surfaces, high avian richness, and many endemic and endangered species); however, while Miahuatlán showed more threats to biodiversity (large cropland surface, high cattle production, large population, and high poverty), Ixtlán did not present major threats to conservation in relation to the variables included in this study. According to our results, we tried to arrange the rest of the districts according to their different opportunities and threats to conservation. Thus districts like Juchitán and Tehuantepec presented the same opportunities for conservation (large natural vegetation surface, high avian richness, and many endangered species); however the former presented many more threats to conservation (large cropland surface, high cattle production, and large population) than the latter, which only had a large population. Therefore Juchitán can be considered a priority district where conservation actions are urgently needed (Fig. 6 ).
The integrated analysis of environmental and socioeconomic variables to explore conservation priorities, both nation-and statewide, is useful to identify areas with high biodiversity (in our case avian richness and natural vegetation) that might face conservation threats due to intense anthropogenic activity. Using geopolitical units is a relevant issue since these are the levels in which laws and rules are applied, executed, and enforced. Such laws regulate the environmental, economic, and demographic activities and must work in a consistent manner, so as to offer major benefits to all sectors involved. These kind of exploratory studies are necessary to identify the areas that need planning of the economic activities, as well as proper actions to preserve the natural environments.
An important issue that is worth mentioning is the lack of precise and localized environmental information on biodiversity at both national and state levels in Mexico. It is imperative to broaden scientific fieldwork that generates local biological information to strengthen the natural knowledge and provide data to support environmental policies.
Finally, future investigations should consider widening these types of exploratory approaches by including different taxa and other socioeconomic variables, in order to further understand the patterns of interaction between humans and the natural environments. This scientific approach may assist both state and national decision-makers to define effective priorities for long term conservation of natural resources. 
